The impact of boreal spring intraseasonal wind bursts on sea surface temperature variability in the 65 Improving our understanding of the impact of such wind bursts on SST variability at intraseasonal scale in the 66 eastern Tropical Atlantic is important through its link with the regional climate. However, while the ACT and 67 Angola-Benguela regions have been the object of many studies, the dynamics and SST variability of the coastal 68 eastern region is much less documented.
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resolution is 1/5° (i.e. 22 km) for the parent grid and 1/15° (i.e. 7 km) for the child grid (see Herbert et al.
142
(2016), their Fig. 1 ). This allows an accurate resolution of the mesoscale dynamics since the first baroclinic 143 Rossby radius of deformation ranges from 150 to 230 km in the region (Chelton et al., 1998) . The vertical 144 coordinate is discretized into 45 sigma levels with vertical S-coordinate surface and bottom stretching 145 parameters set respectively to theta_s = 6 and theta_b = 0, to keep a sufficient resolution near the surface 146 (Haidvogeland Beckmann, 1999) . The vertical S-coordinate Hc parameter, which gives approximately the 147 transition depth between the horizontal surface levels and the bottom terrain following levels, is set to Hc = 10 148 m. The GEBCO1 (Global Earth Bathymetric Chart of the Oceans) is used for the topography (www.gebco.net).
149
The runoff forcing is provided from Dai and Trenberth's global monthly climatological run-off data set (Dai and 150 Trenberth, 2002) . The rivers properties of salinity and temperature are prescribed as annual mean values. One 151 river (Amazon) is prescribed in the parent model while five rivers, that correspond to the major rivers present 152 around the Gulf of Guinea, are prescribed in the child model (Congo, Niger, Ogoou, Sanaga, Volta) . At the 153 surface, the model is forced with the surface heat and freshwater fluxes as well as 6 hourly wind stress derived 154 from the Climate Forecast System Reanalysis (CFSR) (horizontal resolution of ¼°x ¼°) (Saha et al., 2010) . Our data, and more detailed information about the model validations can be found in Herbert et al. (2016) .
162
Note that throughout the whole text and figure captions, the term "intraseasonal variations" is used to designate 163 the field obtained after the removing of the 30 days low-pass filtered field to the total field of the given year, 164 while "intraseasonal anomaly" refers to the field obtained after the removing of the 30 days low-pass filtered 165 field averaged over 1998-2008 to the total field of the given year.
167
For SST observations, we use data obtained from measurements made by the Tropical Rainfall Measuring 168 Mission microwave imager (TMI). The dataset is a merged product available at www.remss.com. The SST data 169 have a spatial resolution of ¼° and for the present study the 10 years' time series, from 1 January 1998 to 31 170 December 2008, obtained as 3-daily field. The important feature of the microwave retrievals is that it can give 171 accurate SST measurements under clouds (Wentz et al., 2000) . However, the major limitation to the microwave 172 TMI observations is land contamination which results in biases of the order of 0.6°K within about 100 km from 173 the coast (Gentemann et al., 2010) . Thus, in the Optimal Interpolation TMI product the offshore zone with no 174 data extends at approximately 100 km from the coast. This limits to some degree the analysis of near-coastal 175 regions, in particular those dominated by coastal upwelling dynamics.
176
We also use for this study daily sea surface height (SSH) data, which are available for the period 1993-2012 and 177 maintained by the organization for Archiving, Validation, and Interpretation of Satellite Oceanographic data 6 (AVISO; www.aviso.altimetry.fr). The sea surface height dataset is a merged product of observations from 179 several satellite missions Ssalto/Duacs (Segment Sol multimissions d'ALTimétrie, d'Orbitographie et de 180 localisation précise/Developing Use of Altimetry for Climate Studies) mapped onto a 0.25° Mercator projection 181 grid. All standard corrections have been made to account for atmospheric (wet troposphere, dry troposphere and 182 ionosphere delays) and oceanographic (electromagnetic bias, ocean, load, solid Earth and pole tides) effects.
183
The mean sea surface topography for the period 1993-2012 was removed from the SSH to produce sea surface 184 height anomalies.
185
In addition, surface pressure data were studied using ECMWF Atmospheric Reanalysis (ERA) for the 20th 186 Century product. The four-hourly data are daily averaged and is available on https://rda.ucar.edu website. The 187 product assimilates surface pressure and marine wind observations. 188 189
Seasonal variability of surface conditions in CLR

190
The purpose of this section is to describe the seasonal atmospheric and ocean surface conditions in the CLR.
191
The seasonal variability of SST, surface winds stress, horizontal current intensity, depth of 20° C-isotherm
192
(hereafter referred to as z20), and the surface net heat flux from monthly averaged model outputs in the CLR for bias in the eastern tropical Atlantic is well known in coupled climate models (e.g. Zeng et al., 1996; Davey et 201 al., 2002; Deser et al., 2006; Chang et al., 2007; Richter and Xie, 2008) , results from Large and Danabasoglu (2006) suggest indeed that a warm SST bias may also be present along the Atlantic coast of southern Africa in 203 forced ocean-only simulation. The SST May-June average map indicates that the boreal summer SST minimum 204 is related to intensified cool SST around 6°S, in the Congo mouth region. In this region, the coast is oriented 205 parallel to the trade flow which reinforces in boreal summer, thus favorable to coastal upwelling processes. The 206 mean alongshore wind stress during May-June reveals in fact that upwelling conditions are observed over most 207 of the CLR. Wind stress magnitude exhibits a semi-annual variability with a second maximum in October-
202
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December and a weakening during July-September season (Fig. 1b ). The strengthening of winds in boreal spring 209 is associated with a strengthening of mean current speed, particularly off Cape-Lopez between 2° S to 4° S and 210 west of 8° E in May-June (Fig. 1c ). The orientation of surface current is mostly westward for the May-June 211 season, while it is northward from October to January (not shown). This general picture of surface circulation is 212 consistent with observations (Merle, 1972; Piton, 1988; Rouault et al., 2009) .
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The region is also characterized by a shallow thermocline which depicts a strong semi-annual cycle (Fig. 1d ).
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The evolution of z20 reveals a shoaling of the thermocline during May-July and a deepening up to October-
215
November when it exhibits a maximum depth, in agreement with previous studies such as the one realized by 216 Schouten et al. (2005) who find a similar seasonal cycle from SSH altimetric data.
217
The surface net heat flux exhibits a maximum in boreal winter and a minimum in July (Fig. 1e ), following the 218 seasonal cycle of solar shortwave radiations. As visible on the May-June average map, greater heating is found 219 over cool waters, due to weaker heat loss via latent heat flux in these areas.
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The seasonal cycle is modulated by strong year-to-year variations. The mean SST in the CLR in 2005 cools as 
238
In this section, we examine the impact of intraseasonal wind bursts on SST in the CLR during the particular 239 years 2005 and 2006 (Marin et al., 2009 Caniaux et al., 2011) . We propose here to analyze in details the SST 240 conditions in CLR, east of 5° E, for both years. 
253
We can see cold waters extending along the eastern coast and in ACT region west of 5° W. In the model, cold 254 waters are deflected offshore off Cape-Lopez, due to recursive bias in warm water intrusion toward the south.
255
Besides, model SST fields (Fig. 3a ) indicate that the SST minimum (~24° C) in 2005 was reached in July, i.e.
256
one month earlier than in 2006, as also noticed in seasonal variations of SST averaged in the region (Fig. 1a ). 
310
The heat content within the mixed layer is also impacted by the sea surface heat fluxes.
311
The net heat fluxes averaged between 5° E and 12° E are shown on locally -185W.m 2 (not shown). For both events, the net cooling did not concern the equatorial region west of 
375
W) identified as the latitude where the meridional wind stress goes to zero ( Fig. 7a & g) . The intraseasonal 376 anomaly of the zonal and meridional components of the wind stress ( Fig. 7b-c & 7h-i) , the intraseasonal 377 anomaly of wind stress curl (Fig. 7d & j) , as well as the intraseasonal anomaly of the z20 and SSH (Fig. 7e-f & 378 k-l), averaged in the equatorial band (over 1° S and 1° N) , are also presented. Many authors suggest that the 379 source of the equatorial Kelvin wave is mainly related to a sudden change of the western equatorial zonal wind 380 (e.g. Picaut, 1983; Philander, 1990 ): a symmetric westerly (easterly) wind burst along the equator will generate 381 Ekman convergence (divergence) and thus force downwelling (upwelling) anomalies which then propagate 382 eastward as a Kelvin wave (Battisti, 1988; Giese and Harrison, 1990) . In 2005, shallower-than-average 383 thermocline, evidenced by negative z20 and SSH anomalies, occurred in the end of March-beginning of April in 384 the west part of the basin (Fig. 7e & f) . The intraseasonal anomalies of meridional and zonal wind stress indicate 385 that the maximum of thermocline slope anomaly was associated with a strengthening of northeast trades 386 followed by a strengthening of southeast trades from either side on the equator. At the equator, we notice indeed 387 a sudden reversing of meridional winds which turned southward on 27-28 March 2005 related to an abrupt 388 southward displacement of the ITCZ which was then found south of the equator in the west part of the basin 389 ( Fig. 7a & b) . The ITCZ returned its initial position four days later followed by a strengthening of easterlies 390 which persisted for ~20 days (Fig. 7c) south of the equator induced a negative wind stress curl anomaly (Fig. 7j ). As in 2005, the reversion of the 410 meridional wind at the equator was followed by a strengthening of westward component of the wind stress few 411 days after, which lasted for about ten days (Fig. 7i) ; however, it was of a lesser magnitude compared to 2005 412 and only concerned the westernmost part of the basin. In addition, the negative zonal wind anomaly concerned 413 mainly the northeasterlies rather than the southesterlies, leading to an anti-symmetric meridional wind pattern as 414 well as symmetric zonal wind pattern on either side on the equator (not shown). These wind patterns were 415 expected to generate Ekman convergence at the Equator and thus to reinforce the observed upwelling anomalies.
417
Thus, for both years, Kelvin upwelling wave occurred in the west while easterly winds were strengthened from 418 either side of the equator after the ITCZ reached its southernmost location. This latter was observed one month 419 earlier in 2006 than in 2005, and was associated with a negative wind stress curl anomaly. In winter 2005, the 420 ITCZ was found south of the equator after a very sudden southward shift and was followed by strong easterlies 
449
To better understand the oceanic processes implied in this cooling extension, we compared the SST, z20, SLA 450 and zonal velocities along 3° S from March to September 2005 ( Fig. 9 a-d) and 2006 ( Fig. 9 e-h) . In 2005, the 451 cooling westward extension was associated with a westward propagation of a shallower thermocline and 452 negative SLA from the African coast up to 5°-10° W combined with enhanced surface westward current 453 fluctuations at the dates of the successive events from April-June. The fluctuations of the westward surface current occurring off Gabon with periods of ~8-10 days were related to the strengthening of southerly winds 455 during the wind bursts at the same periods ( Fig. 4b & g ). The surface current in this area is part of the westward 456 SEC which is known to intensify during the cold season (Okumura and Xie, 2006) . Our study implies shorter 457 time scales than seasonal scale but the intensification of the SEC during wind bursts through Ekman transport 458 processes might contribute to the westward extension of the cooling by advection of cold eastern upwelled 459 water. This is in agreement with DeCoëtlogon et al. (2010) who found from model results that at short time 460 scale (a few days), more than half of the cold SST anomaly around the equatorial cooling could be explained by 461 horizontal oceanic advection controlled by the wind with a lag of a few days. In addition, minimum z20 and 462 SLA values propagating westward at 3° S (Fig. 9b & c) , initiated from the coast with a propagating speed of 463 around 10 cm.s -1 , which is very close to the phase speed of Rossby waves. Indeed, the generation of the 464 westward waves at the coast coincided with the arrival of Kelvin waves (see Fig. 5a ) suggesting the possibility 465 of Kelvin wave's reflection processes into symmetrical westward propagating Rossby waves. A westward 466 propagation of z20 and SLA minimums, although less obvious, was presently also identified at 3° N (not 467 shown).
468
In 2005 
477
In 2006, the westward extension of cold waters established later, from the beginning of July. A coastal cooling 478 occurred on 18-26 May but no westward extension of the cold waters is observed at this period (Fig. 9e) . In 479 2005, the two upwelling Kelvin waves followed each other closely while in 2006, the first Kelvin upwelling 480 wave reached the coast in May and the second in July (Fig.5b & Fig. 6b and Fig. 9f ). In addition, the 481 intraseasonal wind strengthening responsible of the coastal cooling on 18-26 May 2006 is less intense (wind 482 stress mean in the CLR ~0.04N.m²) than the one in mid-May 2005 (~0.06N.m²; which is preceded and followed 483 by another wind bursts few days before and after; Fig. 3b & Fig. 4b ).
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The analysis over 1998-2008 period shows that the westward extension of the cold SST takes place every year 485 but begins at different times of the year (not shown). It occurs generally from June-July, when the cooling 486 events usually occur in the east at this location, and is thus closely linked with the shoaling of the thermocline 
493
In conclusion to this section 4, the SST variability in the CLR at intraseasonal time scales is the result of 494 combination between basin preconditioning by remotely forced shoaling of the thermocline via Kelvin wave, 495 local mixing induced by current vertical shear, and upwelling processes in response to strong southerly winds.
496
As highlighted for the 26-28 May 2005 and 2 April 2006 events, the net heat flux may also contribute to cool 497 the surface waters, through enhanced cloud cover which decrease the incoming solar radiation. The cold 498 upwelled waters around 3°S extend then westward from the eastern coast to near 20°W by combined effect of 499 the westward propagating Rossby waves as well as vertical mixing and advection processes. The cool water may 500 thus contribute to the cooling in the southern edge of the cold tongue region. Although the processes implied 501 differ slightly due to the presence of the coast, the SST variability in the CLR is quite close to the one in the 502 equatorial cold tongue region (not shown), due to similar atmospheric forcing. However, for a given wind burst, 503 the intensity of SST response in the CLR and in the cold tongue region is modulated by subsurface conditions 504 which are under the influence of equatorial Kelvin wave. In May 2005, the Kelvin wave reached the eastern 505 coast while three wind bursts occurred. The thermocline was thus shallower in the east than west of 0°W, 506 providing favorable subsurface conditions making the coupling between making the SST more reactive to wind 507 intensification occurred during this month. In addition, the decrease short wave radiations due to enhanced cloud 508 cover during the 26-28 May 2005 event or 2 April 2006 event, which contribute to the cooling in the CLR, did 509 not concern the equatorial region east of 0°W. 
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We have previously identified five main cold events in 2005 (22-24 April, 8-12 May, 16-20 May, 26-30 May 514 and 14-18 June), characterized by a temperature drop ranging from -0.2° C to -1.7° C in the model. Analysis of 515 intraseasonal wind stress magnitude (Fig. 4b) has revealed that each event is associated with strengthening of 516 equatorward winds, especially during the 14-16 May event when the intraseasonal wind stress magnitude 517 averaged over the CLR is the strongest one. This particular event has been found to be responsible for the 518 sudden and intense SST cooling in the eastern equatorial Atlantic and identified as part of manifestation of 519 temporal variability of the St. Helena Anticyclone (Marin et al., 2009) . In this section, we focus on this mid-520 May event, to better understand the processes at play during this unusual event. of 30° W between 30° and 15° S (Fig. 10a ). The strong southeasterly winds drifted then westward up to [15] [16] 530 May when the maximum was located in the western part of the basin off northeastern Brazilian coast.
531
Simultaneously, a strengthening of southerly winds occurred north of the equator in the Gulf of Guinea. The 532 strong winds during the event were associated with high pressure core of the Saint Helena Anticyclone, 533 especially on 13-14 May, also associated with particularly low pressure under the ITCZ 4 days later (Fig. 10c ).
534
The pressure fall during the mid-May 2005 event appeared as the lowest in May over the whole decade (not 535 shown). The meridional surface pressure gradient during the event is thus found to be the strongest over 1998- The precipitation fields during the mid-May event (Fig. 10b ) also evidence rainfall pattern typical of 565 atmospheric gravity wave train characterized by a horizontal wave length ~500 km and initiated by a front 566 system (forming the northern boundary of a low pressure system) which developed around 17° S on 14 May and 567 traveled northeastward until 17 May. The rainfall train was associated with oscillatory wind speed curl train 568 alternating between positive and negative values (Fig. 10d ) as well as alternating downward shortwave radiation 569 minimum (Fig. 10e ) associated with the wave clouds. Gravity waves are known to play an important role in 570 transporting the momentum and energy through long distances (Fritts, 1984) . Here, they would be a way to 571 carry momentum and energy from South Atlantic to the equator during the strong event. 
626
In addition, at the time of the event, the surface waters were already cooled by previous wind bursts (e.g. 20
627
April and 8 May). The SST response to the mid-May event occurred 4-6 days later, inducing the weakest enhanced westward surface currents, provided favorable conditions to westward extension of cold upwelled 706 water from the eastern coast to near 20°W through advection and vertical mixing. 
730
Finally, this study highlights the impact of a strong southerly wind burst in the eastern tropical Atlantic during 731 boreal spring season, which is a transitional period during which an anomalous strong energy input may tip the 732 energy balance from an equilibrium state toward another one and thus impact the WAM system. The analysis of 
